Abstract. The influence of intraseasonal variation (ISV) on convective activities over Sumatera (or Sumatra) is studied by using data derived from the Equatorial Atmosphere Radar (EAR), the Boundary Layer Radar (BLR), the surface weather station, the Geostationary Meteorological Satellite (GMS), and NCEP/NCAR reanalysis. In June 2002, convective activities over the Indian Ocean, the maritime continent, and the western Pacific were significantly modulated by the ISV. Zonal wind observed by EAR and surface pressure observed at the observation site suggested the existence of a Kelvin-wave-like structure of ISV. From temporal variations of T BB , zonal wind at 850 hPa, and vertical shear of horizontal wind between 700 and 150 hPa, we classified the observation periods into the inactive phase (1-9 June), active phase (10-19 June), and postwesterly wind burst phase of ISV (20-26 June). During the inactive phase of ISV, convective activities caused by local circulation were prominent over Sumatera. Results of radar observations indicated the dominance of convective rainfall events over the mountainous area of Sumatera during the inactive phase of ISV. During the active phase of the ISV, cloud clusters (CCs), which developed in the convective envelope of SCC with a period of 1-2 days, mainly induced the formation of convective activities over Sumatera. Results of radar observations indicated that both convective and stratiform rainfall events occurred over the mountainous area of Sumatera during the active phase of ISV. In the postwesterly wind burst phase of ISV, Correspondence to: M. K. Yamamoto (m-yamamo@rish.kyoto-u.ac.jp) convective activities were suppressed over Sumatera. Features of convective activities found over Sumatera generally agreed well with those found in Tropical Ocean and Global Atmosphere/Coupled Ocean-Atmosphere Response Experiment (TOGA COARE). However, local circulation played an important role in the formation of convective activities over Sumatera in the inactive phase of ISV.
Introduction
IntraSeasonal Variation (ISV) is a dominant mode of convective anomalies in the tropics. It is characterized by eastwardpropagating convection and circulation anomalies with a period between 30 and 60 days in the tropics (e.g. Matthews, 2000; Madden and Julian, 1994; Hendon and Salby, 1994; Rui and Wang, 1990) . A hierarchy of convective system exists within ISV. The large-scale envelope of convection is characterized as an eastward propagating disturbance which predominantly has a zonal wave number of 2 and is confined over the Indian Ocean and western Pacific. Synoptic and mesoscale convective activities are enhanced within the wet phase of the large-scale envelope (Hendon and Liebmann, 1994) . Nakazawa (1988) showed that eastward-propagating cloud systems within the large-scale envelope of ISV are composed of several eastward-propagating cloud clusters (SCCs). Each SCC has a scale on the order of 1000 km, and consists of smaller cloud clusters (CCs) that propagate westward. Each CC has a scale on the order of 100 km, and a lifetime of 1-2 days.
Sumatera is located at the eastern edge of the Indian Ocean (see Fig. 1 ). In the west side of Sumatera, there are many high mountains with a height of >1000 m (see also Fig. 16 of Nitta et al., 1992) . Many studies suggested that Sumatera plays an important role on the eastward propagation of ISV. Weickmann and Khalsa (1990) showed that eastward-propagating SCCs are accompanied by local flareups of a convective event near Sumatera (∼100 • E). On the other hand, ISV is temporarily depressed over the maritime continent (e.g. Dunkerton and Crum, 1995; Nitta et al., 1992) . Nitta et al. (1992) showed that eastward propagations of SCCs are blocked by the surface topography over the maritime continent (especially over Sumatera) when they reach over it. In some cases, no new system can develop in the western Pacific after the convective systems are damped over the maritime continent. However, in some other cases a new SCC is generated to the east of Borneo (see Fig. 19 of Nitta et al., 1992) .
Diurnal variation is also one of the dominant modes of convective activities in the tropics. From the satellite observation of brightness temperature, Hendon and Woodberry (1993) showed that diurnal variations of tropical convective activity appear in all seasons, and the intensity of diurnal variations of convective activities in the tropics are relatively weak during the Northern Hemisphere summer season. Nitta and Sekine (1994) examined diurnal variations of convective activities in the tropical western Pacific by using infrared equivalent blackbody temperature data derived from the Geostationary Meteorological Satellite (GMS). They showed that large diurnal variations of convective activities exist over continents, large islands, and their adjacent sea regions. The intensity of convective activity reaches its maximum in late afternoon to evening over land regions, and in the morning over the adjacent sea regions (see Fig. 4 of Nitta and Sekine, 1994) . They also showed that diurnal variations of convective activity are very prominent over Sumatera and the adjacent sea region. Other studies also showed that diurnal variations of convective activities are prominent over Sumatera by in-situ and satellite observations. From the cloud-type classification by the Boundary Layer Radar (BLR), Renggono et al. (2001) showed that diurnal variations of convective activities are prominent in the mountainous area in Sumatera. They showed that convective clouds tend to develop from 13:00 LT to 21:00 LT, and that after the decay of convective clouds, stratiform clouds develop until early morning (∼06:00 LT). From observations by GPS-derived precipitable water, radiosondes, and surface weather station, Wu et al. (2003) showed that a rainfall event often occurs as intensive showers during a short period in the late afternoon and early evening at the mountainous area of Sumatera, and suggested that the evaporation of water from the surface by the strong solar heating and horizontal transport of water vapor by thermally induced local circulation play an important role on diurnal variations of convective activities. Recently, Mori et al. (2004) showed time and spatial variations of rainfall around the west coast of Sumatera by using data observed by Tropical Rainfall Measuring Mission (TRMM) satellite Precipitation Radar (PR). They showed that the peak of rainfall in the daytime and nighttime migrate with time, starting from the southwestern coastline of Sumatera into the inland and offshore regions, respectively. They also used rawinsonde sounding data at two stations (coastline and mountainous area of Sumatera, respectively) and showed that diurnal variations of wind, humidity and stability in the lower troposphere agree well with the migration of rainfall peaks over both the inland and the coastal sea regions.
Several studies suggested the relation between convective activities over Sumatera and atmospheric waves (Kelvin waves and ISV) . From the spectral analysis of horizontal winds observed by BLR, Widiyatmi et al. (2001) showed that oscillations of zonal wind with a period of >10 days are prominent over Sumatera, and suggested that these oscillations are related to Kelvin waves and/or ISVs. The relation between diurnal variations of convective activities over Sumatera caused by local circulations and large-scale convective activities by SCCs was discussed by Murata et al. (2002) . From the case study during the boreal fall season (September-October 1998), they showed that diurnal and quasi-10-day variations of convective activities are prominent over the mountainous area of Sumatera, and precipitation events are frequently observed during the weak westerly phase of quasi-10-day variations of low-level (1-3 km) zonal wind. They suggested that eastward propagation of SCC is blocked at the mountainous area of Sumatera, and that precipitation at the mountainous area of Sumatera is caused mainly by the diurnal oscillation of local-scale cloud systems along the mountain range. However, observations at Sumatera are not enough even now, and further studies are necessary to understand the interactions between convective activities over Sumatera and ISVs.
A VHF radar can observe three-dimensional winds in the whole troposphere with fine time and height resolutions (e.g. Larsen and Röttger, 1982; Gage, 1990; Thomas, 1999) . In the tropics, VHF radar observations have been performed over the tropical Pacific (e.g. Gage et al., 1991) , and in India (Rao et al., 1995) . However, an observation throughout the whole troposphere by a VHF radar has never been performed over Sumatera. The Equatorial Atmosphere Radar (EAR), installed near Bukittinggi, West Sumatera, Indonesia (0.20 • S, 100.32 • E), can observe three-dimensional winds in the whole troposphere and the lower stratosphere (2-20 km) with fine time and height resolutions of ∼90 s and 150 m, respectively (Fukao et al., 2003) . EAR has been operated continuously since July 2001. Beside EAR, the surface weather station and BLR have been continuously operated at the Kototabang Global Atmospheric Watch (GAW) station which is ∼300 m away from the EAR site.
In this study, we focus on the ISV event in June 2002. During this period, SCCs, which developed over the Indian Ocean (∼75-90 • E) within the large-scale envelope convective activities in ISV, passed over Sumatera (∼95-105 • E) without significant diminution, and continued their propagation to the western Pacific. ISV's influence on convective activities over Sumatera in June 2002 will be presented in this study. In Sect. 2, we present the data used in this study. In Sect. 3, we present the overview of ISV events near Sumatera in 2002, and then present temporal and spatial variations of convective activities associated with the ISV event in June 2002. Similarities and dissimilarities of convective features between our case study over Sumatera and studies in Tropical Ocean and Global Atmosphere/Coupled Ocean-Atmosphere Response Experiment (TOGA COARE) are also discussed in this section. In Sect. 4, we show the different convective features during the inactive and active phases of ISV by using EAR, BLR, and GMS data. In Sect. 5, we present discussions and conclusions.
Data
EAR operates at 47.0 MHz with a maximum peak and an average transmitted power of 100 kW and 5 kW, respectively. EAR is located near Bukittinggi in West Sumatera, Indonesia (0.20 • S, 100.32 • E). EAR and other instruments used in this study are installed at the mountainous area in the western side of Sumatera (see Fig. 1 ). Fukao et al. (2003) described the details of EAR. One beam of EAR is pointed vertically and four others are tilted to the north, east, south, and A UHF-band wind profiler can observe winds and hydrometers in the lower troposphere, including the planetary boundary layer (PBL) (e.g. Carter et al., 1995; Ohno, 1995; Reddy et al., 2000) . BLR is installed at Kototabang GAW station, which is ∼300 m away from the EAR site. It is operated at a frequency of 1357.5 MHz with a peak transmitted power of 1 kW (Renggono et al., 2001) . BLR is designed to observe winds in the lower troposphere, including the PBL with time and vertical resolutions of ∼1 min and 100 m, respectively (Hashiguchi et al., 1995) . Although BLR is designed to observe winds in the clear air, earlier studies showed that BLR can also be used to detect hydrometers. From BLR observations at Kototabang GAW station, Renggono et al. (2001) have shown that BLR can classify precipitating cloud types by slightly modifying the algorithm proposed by Williams et al. (1995) .
Surface data (rainfall amount, pressure, solar radiation, temperature, and relative humidity) observed at Kototabang GAW station are also used in this study. During June 2002, surface data were recorded every 1 min.
Blackbody brightness temperature data observed by GMS IR1 sensor (11.5 µm) (hereafter T BB ) are used for investigating the horizontal distribution of cloud tops. The original spatial and time resolutions of T BB are 0.05 • ×0.05 • and one hour, respectively.
Horizontal wind data derived from NCEP/NCAR (National Center for Environmental Prediction/National Center for Atmospheric Research) reanalysis (hereafter NCEP horizontal wind) are also used for examining temporal and spatial variations of ISV. NCEP horizontal winds are also used for comparing them with the horizontal winds observed by EAR.
During 1-28 November 2001, intensive radiosonde observations were carried out at Kototabang GAW station (Mori et al., 2004) . Height profiles of temperature and humidity obtained by radiosondes are used to compute the K index (a convective index), which is compared with the time and height variations of the variance of vertical wind observed by EAR.
Eastward-propagating convective systems in June 2002

Intraseasonal variations in 2002
To begin with, we discuss convective activities around Sumatera and its relation to ISV in 2002. Because Madden (1986) reported a wide variety of the period of ISV, we applied a band-pass filtering with cutoffs at 25 days and 60 days to T BB data and examined the activity of ISVs. Throughout the year, active ISV signals, defined by 25-60 day T BB , develop over the Indian Ocean with an amplitude of <−4 K. Part of the ISVs propagate from the Indian Ocean to the western Pacific without significant diminution over the maritime continent (100-120 • E), as seen in cases during 20 April-20 May, 1 June-1 July, and 1 November-1 December. Meanwhile, other active ISV signals over the equator dissipate near Sumatera or over the Indian Ocean (especially around ∼ 100 • E longitude), as seen in the case during 5-25 January, 10 March-1 April, 1-20 July, 25 July-10 August, 20 August-10 September, and 20 September-10 October. Wang and Rui (1990) showed that part of the ISVs which propagate eastward at the equator in the Indian Ocean turn northeast to the northwest Pacific (NE mode) or southeast to the southwest Pacific (SE mode) over the maritime continent. These modes contribute to dissipations of ISVs near Sumatera.
Over the Indian Ocean (70-100 • E), daily-averaged T BB with high cloud tops of <260 K (or higher than ∼7 km) is observed during the active phase of ISV. Although the enhancement of convective activities are observed over the Indian Ocean, even in the inactive phase ISV (e.g. 10 to 31 October), the enhancement of convective activities over the Indian Ocean (70-100 • E) as is seen in daily-averaged T BB generally occurs in the active phase of ISVs. Dunkerton and Crum (1995) showed the consistent result by using outgoing longwave radiation (OLR) data. In this paper, we focus on the ISV event where convective activities over Sumatera are significantly modulated by the ISV. In June 2002, the envelope of the active phase of ISV with cloud tops of <260 K develops over the Indian Ocean, then propagates eastward to the western Pacific with a slight diminution over Sumatera (100-105 • E). Hereafter in this paper, we focus on the ISV event in June 2002, and investigate features of convective activities over Sumatera in difference phases of ISV.
Intraseasonal variation over Sumatera in June 2002
3.2.1 IR blackbody brightness temperature observed by GMS
Temporal and spatial variations of IR blackbody brightness temperature
We examine temporal and spatial variations of convective activities over the Indian Ocean, the maritime continent, and the western Pacific during June 2002 by using T BB data. Figure 3 shows the time-longitude plot of T BB averaged over 1 • S-1 • N during June 2002. A large envelope of enhanced convective activities with T BB <255 K (∼8 km) exists over the Indian Ocean (∼70-90 • E) in early June. It propagates eastward in the middle of June, and reaches the western Pacific (∼130-160 • E) in the last half of June. We defined SCC as an eastward-propagating cloud cluster with 3-day averaged T BB of <260 K and with a spatial scale of >1000 km. Figure 4 shows the longitude-latitude plots of T BB averaged over 4-6, 10-12, 15-17, and 24-26 in June 2002, respectively . During 4-6 June, first SCC (hereafter SCC1) exists around 70-90 • E (Fig. 4a) . SCC1 then propagates eastward and exists over the maritime continent (100-120 • E) during 10-12 June. Meanwhile, a second SCC (hereafter SCC2) is formed around 70-90 • E during the same period (Fig. 4b) . During 15-17 June, SCC1 further propagates to the western Pacific (140-160 • E), and SCC2 propagates eastward from the Indian Ocean to the maritime continent (Fig. 4c) . During 24-26 June, SCC2 further propagates eastward, and exists over the western Pacific (Fig. 4d) . We defined CC as a westward-propagating cloud cluster with T BB of <255 K, a spatial scale of >200 km, and a time scale of >1 day. During 10-14 June, CCs with T BB <255 K develop in the envelope of SCC1, and pass over Sumatera with an interval of 1-2 days (on 10, 11, and 14 June). During 16-17 June, enhanced convective activities with T BB <255 K exist over Sumatera within the envelope of the active phase of SCC2. Convective activities over Sumatera are enhanced several times with T BB <240 K (∼10 km). Their lifetimes are <1 day, and do not show clear westward propagation. However, when SCC2 reaches the western Pacific (130-160 • E), clear westward propagation of CCs are observed (e.g. from 160 • E on 24 June to 130 • E on 26 June).
Temporal variations of IR blackbody brightness temperature over Sumatera
We classify the observation period into three periods to discuss features of convective activities over Sumatera in different phases of ISV. Figure 5 shows time variations of T BB , zonal wind at 850 hPa, and vertical shear of horizontal wind between 700 hPa and 150 hPa derived from NCEP/NCAR reanalysis over the equatorial area of Sumatera. We selected levels of 700 hPa and 150 hPa to compute the vertical shear of horizontal wind in the troposphere, because vertical shear of horizontal wind between 700 hPa and 150 hPa has the largest correlation with variations in the Geostationary Operational Environmental Satellite (GOES) precipitation Index (GPI) during TOGA COARE (Saxen and Rutledge, 2000) . Zonal wind at 850 hPa and vertical shear of horizontal wind between 700 hPa and 150 hPa are smoothed by a 2-day running mean.
During 1-9 June, weak zonal wind (<1 m s −1 ) at 850 hPa and a gradual decrease of T BB are seen over Sumatera. Smoothed T BB decreases from ∼280 K on 2 June to ∼270 K on 9 June, with several convective events with T BB <265 K. Vertical shear of horizontal wind between 700 hPa and 150 hPa increases from ∼10 m s −1 (on 2 June) to ∼20 m s −1 (on 9 June).
During 10-19 June, increase of westerlies, increase of vertical shear of horizontal wind, and intensified convective activities by SCCs are seen over Sumatera. When we define the longitude at which the highest cloud top is located as the location of the center of SCC, the center of SCC1 and SCC2 pass over Sumatera on 11 and 17 June, respectively. During 10-13 June, westerly at 850 hPa increases up to ∼2.5 m s −1 with the passage of SCC1 over Sumatera. T BB decreases rapidly until it reaches to ∼219 K (∼12.5 km) on 11 June with the passage of a well-developed CC within the envelope of SCC1 (also see Fig. 3 ). After 13 June, westerly at 850 hPa decreases until it reaches ∼1 m s −1 on 15 June. Convective activities inferred from T BB become weaker during 13-15 June. Westerly at 850 hPa increases again with the passage of SCC2 over Sumatera after 15 June. With the increase of westerly at 850 hPa, T BB rapidly decreases until it reaches a peak of ∼243 K (∼9.7 km) on 17 June, when the center of SCC2 passes over Sumatera. After the passage of the center of SCC2 over Sumatera, westerly at 850 hPa reaches a maximum of ∼3 m s −1 during 17-18 June. Though westerly increases only up to ∼3 m s −1 at 850 hPa, a westerly wind burst of >12 m s −1 is observed at 2-3 km altitude during 17-18 June (see Fig. 7 ). Westerly at 850 hPa is large (>8 m s −1 ) in the Indian Ocean (70-90 • E) in the first half of June, but it is weakened over the maritime continent (100-120 • E), probably due to the topographic effect (not shown). Convective activities over Sumatera rapidly weaken with the occurrence of a westerly wind burst. T BB gradually increases during 17-18 June, and reaches to ∼280 K on 19 June. Vertical shear of horizontal wind between 700 hPa and 150 hPa continues to increase from 10 June, and reaches the maximum of 32 m s −1 on 19 June.
During 20-26 June, a decrease of westerlies, a decrease of vertical shear of horizontal wind in the troposphere, and a suppression of convective activities are seen over Sumatera. Strong westerly of ∼2 m s −1 at 850 hPa prevails during 20-22 June, then it decreases until it reaches ∼0 m s −1 on 26 June. Vertical shear of horizontal wind between 700 hPa and 150 hPa decreases from 19 June, and reach the minimum of 14 m s −1 on 26 June. Convective activities are suppressed over Sumatera during 20-26 June as inferred from high T BB of >270 K. After 27 June, with the increase of westerly at 850 hPa, the gradual enhancement of convective activities over Sumatera is observed again, as inferred from temporal variations of T BB over Sumatera.
From temporal variations of T BB , zonal wind at 850 hPa, and vertical shear of horizontal wind between 700 hPa and 150 hPa as mentioned above, we classify the whole observation period as follows:
-Period 1 (1-9 June): Zonal wind at 850 hPa is weak (<1 m s −1 ), and cloud tops increase gradually with several enhancements of convective activities. The vertical shear of horizontal wind between 700 hPa and 150 hPa increases from ∼10 m s −1 to ∼20 m s −1 . This period is classified into the inactive phase of ISV.
-Period 2 (10-19 June): During 10-17 June, westerly at 850 hPa increases twice with passages of SCC1 and SCC2, and high cloud tops with T BB of <270 K are dominant. From 17 June, awesterly wind burst occurs and convective activities weaken rapidly. The vertical shear of horizontal wind between 700 hPa and 150 hPa increases from ∼20 m s −1 to ∼32 m s −1 . This period is classified into the active phase of ISV.
-Period 3 (20-26 June): Strong westerly of ∼2 m s −1 at 850 hPa prevails during 20-22 June, then it decreases until it reaches ∼0 m s −1 on 26 June. Convective activities are suppressed. The vertical shear of horizontal wind between 700 hPa and 150 hPa continues to decrease. This period is classified into the postwesterly wind burst phase of ISV.
The enhancement of convective activities, which exists in organized SCCs, lasts ∼10 days (10-19 June) in our case. This is consistent with the typical time scale (10-15 days) of the organization of SCCs (Lau et al., 1991) . Henceforth in this paper, we discuss temporal variations of convective activities over Sumatera by using the classification of Periods 1-3.
Temporal variations of convective activities over Sumatera by ISV have features in common with those found during TOGA COARE. They are summarized as follows:
-During the inactive phase of ISV (Period 1), convective activities as inferred from T BB gradually strengthen. This suggests that some mechanisms that gradually moisten the middle and upper troposphere exist. During TOGA COARE, isolated convective cells which repeatedly penetrate into the middle and upper troposphere and moisten the air play an important role in creating favorable conditions for the organization of large-scale convective systems (Redelsperger et al., 2002; Demott and Rutledge, 1998a, b) .
-The maximum intensity of convective activities as inferred from T BB occurs during 10-17 June, and it Figure 8 . Negative correlation between zonal wind averaged over 2-4 km altitudes and one averaged over 10-12 km altitudes are very clear. During Period 1, when convective activities are gradually strengthened over Sumatera (see Figure 5a) , anomalous easterly at 2-4km is observed. When enhanced convective activities with T of 270 K are continuously observed over Sumatera (11-17 June; see Figures 3 and 5a) , anomalous easterly gradually changes to westerly. During Period 3, anomalous westerly is dominant at 2-4 km altitudes, and convective activities are suppressed over Sumatera. Both of changes of convective activities as- precedes the maximum of the westerly wind burst (17-18 June). This is consistent with model studies (e.g. Lau et al., 1989) and observational studies over the western Pacific during TOGA COARE (Rickenbach and Rutledge, 1998; Lin and Johnson, 1996) . Moderate vertical shear of horizontal wind (20-30 m s −1 ) plays an important role in the organization of mesoscale convective activities with a horizontal scale of >100 km (Saxen and Rutledge, 2000; Rickenbach and Rutledge, 1998) .
Our case study during June 2002 shows similar features found in TOGA COARE. However, a dissimilarity is also observed between our case study and TOGA COARE. During TOGA COARE, mesoscale convective events are observed 2-5 days after the maximum of the westerly wind burst (Rickenbach and Rutledge, 1998) . However, in our case study, a well-organized convective event is not observed during the postwesterly wind burst phase of the ISV (Period 3). Furthermore, different features may exist in our case study because Sumatera is located at the eastern edge of the Indian Ocean and has the high mountainous range in its western side. Interactions of the ocean and land may cause different features of convective activities within ISV from those in TOGA COARE, because observations of TOGA COARE are carried out over the open ocean in the western Pacific. Henceforth in this paper, we will also focus on dissimilarities of convective activities associated with ISV between TOGA COARE and our case study.
Zonal wind observed by EAR
Comparison of horizontal wind derived from EAR and NCEP/NCAR reanalysis
We examined time and height variations of zonal wind observed by EAR during June 2002. Before investigating them, we first examined whether horizontal wind observed by EAR agrees well with that derived from NCEP/NCAR reanalysis. Figure 6 shows time variations of daily-averaged horizontal wind observed by EAR and NCEP horizontal wind at wind. It should be noted that operational rawinsonde observations are carried out at only three stations on Sumatera. They are located at Padang (0.88 AE S, 100.35 AE E), Medan (3.57 AE N, 98.68 AE E), and Pangkal Pinang (2.17 AE S, 106.13 AE E), respectively (Okamoto et al., 2003) . Routine rawinsonde soundings are carried out once every two days, and observational results of routine radiosonde soundings are used for NCEP/NCAR reanalysis (Mori et al., 2004) . Though observations carried out for NCEP/NCAR reanalysis are very scarce over Sumatera, horizontal wind observed by EAR and one derived from NCEP/NCAR reanalysis show a good coincidence. Also it can be concluded that horizontal wind observed by EAR well represents the large-scale (¾ AE ¢ ¾ AE ) wind field as derived from NCEP/NCAR reanalysis. Figure 7 shows the time-altitude plot of zonal wind observed by EAR during June 2002. Zonal wind is averaged every four hours. During Period 1, zonal wind at 2-4 km altitude (hereafter low-level zonal wind) is easterly or weak Figure 8 . Negative correlation between zonal wind averaged over 2-4 km altitudes and one averaged over 10-12 km altitudes are very clear. During Period 1, when convective activities are gradually strengthened over Sumatera (see Figure 5a) , anomalous easterly at 2-4km is observed. When enhanced convective activities with T of 270 K are continuously observed over Sumatera (11-17 June; see Figures 3 and 5a) , anomalous easterly gradually changes to westerly. During Period 3, anomalous westerly is dominant at 2-4 km altitudes, and convective activities are suppressed over Sumatera. Both of changes of convective activities as- NCEP horizontal wind is averaged over 700-600 hPa levels, and EAR horizontal wind is averaged over the equivalent altitude range (3-4.5 km). Note that EAR was not operated during 1-2, 8-9, and 23 June 2002, mainly due to power failures. Though the amplitude of EAR horizontal wind tends to be larger than NCEP horizontal wind, its tendency of time variations agrees well with NCEP horizontal wind. It should be noted that operational rawinsonde observations are carried out at only three stations on Sumatera. They are located at Padang (0.88 • S, 100.35 • E), Medan (3.57 • N, 98.68 • E), and Pangkal Pinang (2.17 • S, 106.13 • E), respectively (Okamoto et al., 2003) . Routine rawinsonde soundings are carried out once every two days, and observational results of routine radiosonde soundings are used for NCEP/NCAR reanalysis (Mori et al., 2004) . Though observations carried out for NCEP/NCAR reanalysis are very scarce over Sumatera, horizontal wind observed by EAR and that derived from NCEP/NCAR reanalysis show a good coincidence. Also, it can be concluded that horizontal wind observed by EAR well represents the large-scale (2.5 • ×2.5 • ) wind field as derived from NCEP/NCAR reanalysis. Figure 7 shows the time-altitude plot of zonal wind observed by EAR during June 2002. Zonal wind is averaged every 4 h. During Period 1, zonal wind at 2-4 km altitude (hereafter low-level zonal wind) is easterly or weak westerly. During Period 2, low-level westerly continuously increases, and westerly wind burst is observed on 17-18 June. The westerly wind burst has a maximum of >12 m s −1 at 2-3 km altitude. During Period 3, westerly of >4 m s −1 prevails at 2-4 km altitudes. To further investigate time variations of zonal wind in the lower troposphere and upper troposphere, we computed the zonal wind anomalies averaged over 2-4 km altitudes (lower troposphere) and over 10-12 km altitudes (upper troposphere). Zonal wind anomalies are computed Fig. 8 . Negative correlation between zonal wind averaged over 2-4 km altitudes and one averaged over 10-12 km altitudes are very clear. During Period 1, when convective activities are gradually strengthened over Sumatera (see Fig. 5a ), anomalous easterly at 2-4 km is observed. When enhanced convective activities with T BB of <270 K are continuously observed over Sumatera (11-17 June; see Figs. 3 and 5a), anomalous easterly gradually changes to westerly. During Period 3, anomalous westerly is dominant at 2-4 km altitudes, and convective activities are suppressed over Sumatera. Both changes in convective activities are associated with changes in zonal wind at 2-4 km altitudes, and the negative correlation of zonal winds between the lower troposphere and upper troposphere agree well with the structure of the moist Kelvin wave shown by many other studies (e.g. Wang, 1988) . On the other hand, the meridional wind oscillation has a period of ∼7 days, and is independent of eastward-propagating SCCs (see Figs. 3 , 5, and 6b).
Time and altitude variations of zonal wind observed by EAR
Surface meteorology
We further investigate temporal variations of surface data (daily rainfall amount, pressure, specific humidity, temperature, and solar radiation) in June 2002. Figure 9 shows the daily rainfall amount observed at the Kototabang GAW station during June 2002. During Period 1, rainfall events are observed every day except on 3 and 4 June. The largest rainfall amount of 73 mm day −1 is observed on 2 June, and a relatively large amount of rainfall (>15 mm day −1 ) is also observed on 8 and 9 June. During Period 2, rainfall events are observed when CCs which develop in SCC1 exist over the observation site on 10-12 and 14 (see Fig. 3 ). A relatively large rainfall amount of 18 mm day −1 is observed on 11 June. Rainfall events are also observed on 15 and 16 June, when convective activities are enhanced in SCC2. However, rainfall events are not observed at the observation site on 17 June, though cloud-tops with T BB of <255 K are observed over Sumatera. During Period 3, no rainfall is observed. Though the rain gauge over the observation site cannot observe all of the rainfall events which exist over Sumatera, rainfall events observed over the observation site are strongly modulated by ISV. Rainfall rate changes greatly depending on whether a rainfall event is convective or stratiform. During Period 1, convective rainfall events caused by local circulations are dominant over the observation site. On the other hand, both convective and stratiform rainfall events are observed during period 2. On 11 June, the stratiform rainfall event caused by the passage of a well-developed CC is observed over the observation site. When rainfall events caused by the passage of SCC2 are observed at the observation site (15-16 June), both shallow and deep convective events are observed. In the next section, the relationship between rainfall rate and precipitation types over the observation site are examined in detail by using data observed by EAR, BLR, and GMS. Figure 10 shows temporal variations of anomalous pressure, specific humidity, solar radiation, and temperature observed by the surface weather station at Kototabang GAW station in June 2002. Anomalies of surface data are computed as a deviation from the monthly average values shown in Table 1 . Diurnal variations are prominent in all anomalous pressure, specific humidity, solar radiation, and temperature measurements. Surface pressure is significantly affected by ISV and two SCCs which pass over Sumatera during Period 2. As seen in Fig. 10a , low surface pressure is dominant during Periods 1 and 2 (1-19 June). Conversely, high surface pressure is observed during Period 3. Figure 11 shows the longitude-latitude plots of divergence at 1000 hPa averaged during Periods 1 and 3. Horizontal wind at 1000 hPa are derived from NCEP/NCAR reanalysis, and band-pass filtering, with cutoffs at 10 days and 60 days, and a 5 • ×5 • running mean are applied. During Period 1, convergence prevails over 75-135 • E. Relatively strong convergence of >5.0×10 −7 exists over Sumatera. Divergence prevails over 150-180 • E longitude. During Period 3, convergence field prevails over 145-180 • E, and divergence prevails over 80-140 • E. Divergence of >5.0×10 −7 prevails over the Indian Ocean and the western side of Sumatera. Both the existence of convergence during Period 1 and the divergence during Period 3 agree well with observed low surface pressure during Period 1 and high surface pressure during Period 3. It is also consistent with the Kelvin-wave-like structure of ISV in zonal wind observed by EAR (see Fig. 8 ).
Temporal changes of surface pressure are also affected by passages of SCC1 and SCC2 over Sumatera. Prior to the arrival of the center of SCC1 on 11 June, surface pressure decreases gradually until it reaches a negative peak on 9 June. Hendon and Salby (1994) have shown that surface convergence precedes the center of enhanced convective events in the structure of ISV, and our result is consistent with theirs (see Figs. 5 and 10a ). Then surface pressure increases rapidly until it reaches around the average on 12 June with the passage of the center of SCC1 over Sumatera. After 13 June, it decreases again until it reaches a negative peak on 15 June with the approach of SCC2 to Sumatera. The second negative peak of surface pressure on 15 June also precedes the arrival of the center of SCC2 to Sumatera on 17 June. High surface pressure is observed during 18-30 June. However, during 27 to 30 June, surface pressure decreases and convective ac- tivities are intensified gradually over Sumatera (see Fig. 5a ).
Temporal changes of surface specific humidity are affected by both large-scale convective activities (ISV and SCCs) and local-scale solar heating of the land surface. High specific humidity is observed throughout Period 1 (Fig. 10b) . High solar radiation and surface temperature are simultaneously observed during Period 1 (Figs. 10c and d) . This indicates that strong solar heating of the land surface induces the increase in evaporation of water from the land surface during Period 1. These conditions are favorable for the occurrence of convective events in the mountainous region of Sumatera by local circulation (Wu et al., 2003) . During 11-13 June, the negative peak of solar radiation and surface temperature are observed due to the coverage of high cloud tops by CCs with T BB <260 K (see Figs. 5a, 10c, and 10d) . From 13 June, surface specific humidity increases again until it reaches a positive peak on 16 June. The increase in solar radiation is also observed during 13-16 June. During 17-26 June, surface specific humidity is anomalously low, though solar radiation and surface temperature do not differ much from those observed during Period 1. It indicates that solar heating of the land surface is not the only cause for the increase in evaporation of water from the surface. As we described above, surface pressure and zonal wind are largely affected by largescale pressure and wind field caused by ISV and the Kelvinwave structure of SCCs (see Figs. 8 and 10a) . Therefore, high surface pressure and low-level westerly are observed during 17-26, while low surface pressure and weak low-level zonal wind are observed during Period 1 (see Figs. 5b, 7, and 10a) . It suggests that pressure and/or zonal wind affected by ISV are important factors for the enhancement (and suppression) of convective activities over Sumatera. As a mechanism for the suppression of the increase in water vapor, a penetration of dry air from the Indian Ocean to Sumatera at a low level may play an important role (Murata et al., private communication). Wu et al. (2003) suggested that local circulation plays a role in the increase of water vapor at low level. Dominance of westerlies at a low level caused by ISV may suppress local circulation. Surface temperature during Period 3 does not differ greatly from that during Period 1 in our case study, because the amount of solar radiation during Period 1 does not differ much from that during Period 3. On the other hand, during TOGA COARE, sea surface temperature decreases during the post-westerly wind burst phase of ISV, due to the reduced incoming solar radiation, enhanced evaporation and mixing, and deposition of cold water at the ocean surface by deep convection (see Fig. 4 of Chen et al., 1996) . It shows that temporal variations of surface temperature caused by ISV are different between the land and sea region.
In this section, we showed that convective activities over Sumatera are significantly modulated by the ISV during June 2002. Furthermore, we show that surface data show a good agreement with temporal changes in convective activities over Sumatera modulated by ISV. In the next section, we further investigate the convective activities over Sumatera in detail, by using observational data by EAR, BLR, and GMS.
Convective activities over Sumatera in June 2002
Variance of vertical wind observed by EAR
Comparison with K index computed by radiosonde data
As an index of convective activities, we introduce the variance of vertical wind (VVW), which is computed by using the vertical wind obtained from EAR. Vertical wind generally fluctuates within very short periods (<10 min). However, it would be a good indicator for the intensity of convective events throughout the whole troposphere, because its variance must be large if intense convective activities exist. We define daily VVW by a variance of vertical wind in one day. To examine the usefulness of VVW, we compare VVW and K index values derived from radiosonde data. K index is defined as follows: where T is temperature, T d is dew point temperature, and 850 hPa, 700 hPa, and 500 hPa indicate pressure levels. A larger K index denotes a larger potential of convective activities (Hart and Korotky, 1991) . We compute the K index from radiosonde data launched at 12:00 LT, when convective events generally begin to develop in the mountainous region of Sumatera (e.g. Mori et al., 2004; Wu et al., 2003; Renggono et al., 2001) . The K index is an indicator of convective potential. We compare the K index with actual convective activities by using daily rainfall amount observed at Kototabang GAW station. Daily rainfall amount is classified by the K index. The result is shown in Table 2 . With the increase in the K index, the daily rainfall amount also increases, except for one case when K index >36. Considering that the daily rainfall amount when theK index >36 is computed using very few samples (2 days), K index can also be used as an indicator of the intensity for actual convective activities. Figure 12 shows the altitude profile of daily VVW composited by the K index in November 2001. Throughout the troposphere, daily VVW becomes larger with the increase in the K index. Large daily VVW appears at <3 km, ∼10 km, and ∼14 km altitude. Large daily VVW at <3 km is caused by both moist convective activities and the planetary boundary layer turbulence resulting from buoyancy overturning. Large daily VVW at ∼10 km and ∼14 km altitudes maybe correspond to turbulence at cloud tops and the enhanced turbulence just below the tropopause altitude, respectively. Daily VVW is always weak (almost zero) above the tropopause altitude (∼16-20 km), because convective activities are weakened or stopped at the tropopause. These results show the usefulness of daily VVW as an index for the strength of convective activities in the troposphere. all of the whole troposphere over the observational site on 16 June. As we described above, temporal variations of precipitating-cloud type classified by BLR agree well with those of VVW. During low surface pressure, high surface specific humidity, and weak zonal wind are observed (Period 1), convective rainfall events are dominant over the observational site. During SCCs pass over the Sumatera (Period 2), both of convective and stratiform rainfall events are observed over the observational site. In the next subsection, we discuss the difference of convective activities during Periods 1 and 2 by using T data observed by GMS.
Features of convective activities observed by GMS
Observational results by EAR and BLR indicate the dominance of deep convective events during Period 1. Hereafter we show the time evolution of cloud coverage on 2 June when deep convective events occurred over the radar site (see Figure 14) . Figure 15 The migration of cloud tops from the land to sea region is prominent through Period 1. Figure 16 shows longitudelatitude plots of diurnal variation of T during Period 1. At 18 LT, convective region with cloud tops of 265 K are Figure 13 shows the time-altitude plot of daily VVW in June 2002. During Period 1 (1-9 June), VVW is large (>0.05 m 2 s −2 ) throughout the troposphere (2-16 km altitudes). On 11 June, when CCs with minimum T BB of ∼219 K (∼12.5 km) covered Sumatera throughout a day (see Figs. 3 and 17 ), large VVW of >0.05 m 2 s −2 is confined only in the upper part of the troposphere (6-16 km altitudes). On 16 June, when convective activities over Sumatera are enhanced with the arrival of SCC2 (see Figs. 3 and 5a) , relatively large VVW (>0.03 m 2 s −2 ) is observed throughout almost all of the whole troposphere. Throughout Period 3, relatively large VVW (>0.03 m 2 s −2 ) is observed at 2-4 km altitudes. However, VVW is small (<0.01 m 2 s −2 ) at 4-7 km altitudes. This shows that convective activities do not reach above ∼4 km. This result is consistent with no rainfall event over the observation site (see Fig. 9 ) and low cloud tops (T BB >270 K or ∼5.4 km) over Sumatera (see Figs. 5a ).
Time and altitude variations of VVW in June 2002
In the next subsection, we classify precipitating clouds by using BLR data and compare them with time and altitude variations of VVW presented in this subsection.
Classification of precipitating clouds by BLR
To investigate the rainfall type over the observation site, classification of precipitating clouds is performed by using BLR data. The 1-min averaged reflectivity, Doppler velocity, and spectral width derived from the vertically-pointing beam are used to determine the precipitating cloud type. For the classification of precipitating clouds, we used the same algorithm used by Renggono et al. (2001) . Precipitating clouds are classified into four types (stratiform, mixed stratiform/convective, deep convective, shallow convective). In the algorithm for classification, both the existence of the melting layer and the existence of enhanced turbulence above the melting level are examined (see Fig. 4 of Williams et al., 1995) . If a melting layer exists and a enhanced turbulence exists (does not exist) above the melting level, a precipitating cloud is classified into mixed stratiform/convective (stratiform) type. If a melting layer does not exist and a enhanced turbulence exists (does not exist) above the melting level, a precipitating cloud is classified into deep (shallow) convective type. This classification denotes the internal structure of precipitating clouds, and does not denote the height at which convective activities can reach as denoted by T BB . Figure 14 shows the time variation of precipitating cloud types during June 2002. During Period 1, precipitating clouds are dominated by deep convective type. Large VVW (>0.05 m 2 s −2 ) is observed throughout the troposphere during the same period (see Fig. 13 ). During Period 1, both observational results shown by EAR and BLR indicate the dominance of deep convections over the observation site. During Period 2, both convective-type and stratiform-type precipitating clouds are observed over the observation site. On 11 June, when high cloud tops of well-developed CC covered the radar site throughout a day, precipitating clouds are dominated by stratiform type. Large VVW (>0.05 m 2 s −2 ) is confined in the upper part of the troposphere (6-16 km altitude). Both observational results by EAR and by BLR suggest the existence of stratiform rainfall events over the observation site. During 14-15 June, precipitating clouds are dominated by the shallow convective type, and moderate VVW (0.02-0.03 m 2 s −2 ) prevails in the whole troposphere during 14-15 June. On 16 June, when convective activities over Sumatera are enhanced with the arrival of SCC2 (see Figs. 3 and 5a) , precipitation clouds are almost equally dominated by both shallow and deep convective cloud types. Comparatively large VVW (>0.03 m 2 s −2 ) is observed throughout almost all of the whole troposphere over the observational site on 16 June.
As we described above, temporal variations of the precipitating-cloud type classified by BLR agree well with those of VVW. During low surface pressure, high surface specific humidity, and weak zonal wind are observed (Period 1), convective rainfall events are dominant over the observational site. During SCCs' pass over the Sumatera (Period 2), both of convective and stratiform rainfall events are observed over the observational site. In the next subsection, we discuss the difference between convective activities during Periods 1 and 2 by using T BB data observed by GMS.
Features of convective activities observed by GMS
Observational results by EAR and BLR indicate the dominance of deep convective events during Period 1. Hereafter we show the time evolution of cloud coverage on 2 June when deep convective events occurred over the radar site (see Fig. 14) . Figure 15 shows the longitude-latitude plot of T BB at 16:00-23:00 LT and the hourly rainfall amount on 2 June 2002. Rainfall is observed at 18:00 LT and 20:00-21:00 LT with very high intensity at 20:00-21:00 LT (>30 mm h −1 ). Daily rainfall amount is 73 mm. Heavy rain during 20:00-21:00 LT fell from low cloud tops (T BB ∼270 K) over the radar site. The convection center then propagates westward, and high cloud tops (T BB <220 K) are observed around 99 • E at 23:00 LT.
The migration of cloud tops from the land to sea region is prominent through Period 1. Figure 16 shows longitudelatitude plots of diurnal variation of T BB during Period 1. At 18:00 LT, the convective region with cloud tops of <265 K is observed in the mountainous region of Sumatera. The convective region migrates to the coastal region at 21:00 LT, then further migrates westward (into the sea region) until 09:00 LT. In the east coastal region of Sumatera, enhancement of the convective region with cloud tops of <270 K is observed at 15:00 LT. The convective region in the east coastal region moves westward to the land region at 18:00 LT, then seems to merge with the convective regions observed in the west coastal region at 21:00 LT. Diurnal variations of convective activities are also prominent in the west coast area of Borneo.
We conclude that convective activities over Sumatera during Period 1 are mainly caused by local circulation for three reasons explained below. First, many studies have shown that convective events caused by local circulation show a migration of cloud tops from the land region to the sea region in the west side of Sumatera (e.g. Mori et al., 2004; Nitta and Sekine, 1994) . In their studies, the area with high-cloud coverage appears in the coastal region in the afternoon and early night. Then it migrates to the sea region in the midnight and in the morning. Their results are consistent with our result shown in Fig. 16 . Second, Wu et al. (2003) suggested that evaporation of water from the land surface by strong solar heating and horizontal transport of water vapor by thermally induced local circulation play an important role on diurnal variations of convective activities over the mountainous region of Sumatera. High specific humidity and solar radiation are observed during Period 1 (see Figs. 10b and c) . It indicates that favorable conditions for the enhancement of convective activities by local circulation exist over the mountainous region of Sumatera. Third, Murata et al. (2002) suggested that convective activities caused by local circulation tend to occur when low-level zonal wind is weak. The occurrence of local circulation in the weak zonal wind at 850 hPa is consistent with their result (see Fig. 5b ). As we discussed in the previous subsection, radar observations show the dominance of deep convective events over the observation site which exists in the mountainous region of Sumatera during Period 1. EAR and BLR mainly observe vertically intense convective clouds which are induced by local circulations and exist in the mountainous area of Sumatera. Rainfall events occur with a high intensity and in a short period when convective events caused by local circulations develop over the mountainous region of Sumatera.
During Periods 2 and 3, diurnal variations of convective activities are not observed clearly in similar plots as Fig. 16 (not shown). It shows that the development of local circulation which occurs with a diurnal cycle is modulated significantly by ISV. During TOGA COARE, isolated convective cells which repeatedly penetrate into the middle and upper troposphere and moisten the air play an important role in creating favorable conditions for the organization of largescale convective systems (Redelsperger et al., 2002; Demott and Rutledge, 1998a, b) . On the other hand, results in our case study suggest that convective activities by local circulation may moisten the air in the middle and upper troposphere during the inactive phase of ISV over the maritime continent. This also suggests that different mechanisms may play an important role on the formation of large-scale enhanced convective activities within ISV over the open ocean (TOGA COARE) and the maritime continent (our case study). During Period 2, convective rainfall events are also observed on 14-16 June. However, cloud tops during these convective events do not show a similar migration from the land to sea region (not shown). Some processes other than local circulation may play a role in the formation of these convective rainfall events.
A stratiform rainfall event is observed on 11 June. Figure 17 is the similar plot as Fig. 15 on 11 June 2002. High cloud tops with T BB <215 K develop around 108 • E at 01:00-03:00 LT, propagate westward, and reach the east coast of Sumatera at 10:00 LT. High cloud tops pass over Sumatera around 22:00 LT. Rainfall occurs at 01:00 LT, 03:00 LT, and continuously from 12:00 LT to 23:00 LT. Rainfall events are mainly observed when high cloud tops pass over the observation site (12:00-23:00 LT). The rainfall rate is small (<3.5 mm h −1 ), the duration of rainfall is long (∼11 h), and daily rainfall amount is large (18 mm). The rainfall event on 11 June shows that the well-developed CC which exists over Sumatera causes stratiform rainfall events with a small rainfall rate, a long rainfall duration, and a large rain amount. We classified observation periods into the inactive phase, active phase, and postwesterly wind burst phase of ISV, then investigated convective features over Sumatera in different phases of ISV. During the inactive phase of ISV, convective activities over Sumatera were caused by local circulation. From radar observations, it was shown that deep convective rainfall events were dominant in the mountainous area of Sumatera. During the active and postwesterly wind burst phases of ISV, convective activities caused by local circulation were vious subsection, radar observations show the dominance of deep convective events over the observation site which exists in the mountainous region of Sumatera during Period 1. EAR and BLR mainly observe vertically intense convective clouds which are induced by local circulations and exist in the mountainous area of Sumatera. Rainfall events occur with a high intensity and in a short period when convective events caused by local circulations develop over the mountainous region of Sumatera.
During Periods 2 and 3, diurnal variations of convective activities are not observed clearly in similar plots as Figure  16 (not shown). It shows that the development of local circulation which occurs with a diurnal cycle is modulated significantly by ISV. During TOGA COARE, isolated convective cells which repeatedly penetrate into the middle and upper troposphere and moisten the air play an important role in creating favorable conditions for the organization of largescale convective systems (Redelsperger et al. 2002; Demott and Rutledge 1998a, b) . On the other hand, results in our case study suggest that convective activities by local circulation may moisten the air in the middle and upper troposphere during the inactive phase of ISV over the maritime continent. This also suggests that different mechanisms may play an important role on the formation of large-scale enhanced convective activities within ISV over the open ocean (TOGA COARE) and the maritime continent (our case study). During Period 2, convective rainfall events are also observed on 14-16 June. However, cloud tops during these convective events do not show a similar migration from the land to sea region (not shown). Some processes other than local circulation may play an role on the formation of these convective rainfall events.
Stratiform rainfall event is observed on 11 June. Figure 17 is the similar plot as Figure 15 not prominent over Sumatera. It shows that convective activities caused by local circulation are controlled by ISV. Convective activities caused by local circulation may play an important role in the moistening of the middle and upper troposphere in the inactive phase of ISV. Two SCCs passed over Sumatera in the active phase of ISV, and both convective and stratiform rainfall events were observed over the observation site. CCs which developed in the convectively active envelope of SCC1 passed over Sumatera and caused rainfall events over the observation site. Especially on 11 June, a well-developed CC passed over Sumatera, and resulted in a long-lived stratiform rainfall event. With the passage of SCC2 over Sumatera, shallow and deep convective rainfall events were observed over the observation site. In SCC2, formation of CC was not observed over Sumatera. However, formation of CCs within SCC2 were observed over the western Pacific. During the postwesterly wind burst phase of ISV, convective activities were suppressed over Sumatera.
Convective features over Sumatera observed during June 2002 were generally consistent with those observed during TOGA COARE. However, it was suggested that the enhancement of convective activities caused by local circulation may play an important role in the moistening of the middle and upper troposphere over Sumatera. Saxen and Rutledge (2000) compared GPI, radar-derived rainfall rate, and vertical wind shear and showed that rainfall rate is largely dependent on changes in the tropospheric vertical shear of horizontal wind modulated by ISVs. Well-organized mesoscale convective systems with a spatial scale of >100 km are more frequently organized under the condition of larger vertical wind shear, and the slope coefficient used in GPI decreases with the increase in vertical wind shear due to the increase in stratiform clouds in a well-organized mesoscale convective system. However, our observations cannot show a spatial scale of mesoscale convective systems over Sumatera, because our radar observations were limited to one point (i.e. observation site). As we mentioned in Sects. 3 and 4, enhanced convection was not observed in the postwesterly wind burst phase of ISV. Further studies of different ISV cases are necessary to clarify whether or not this is a characteristic feature over Sumatera. In April and May 2004, our research group carried out the simultaneous observation campaign with meteorological radars, radiosondes, BLR, and EAR. We will show further detailed features of convective activities over Sumatera and their relation to ISV through this observation campaign.
The ISV which we focused on occurred during the dry season. The rainy season of the equatorial region of Sumatera is boreal spring (from March to May) and fall (from September to November) seasons (Hamada et al., 2002) . The influence of ISV on convective activities over Sumatera may significantly change between dry and rainy seasons. For example, the enhanced convective activities (with daily T BB <260 K) are observed over the Indian Ocean even in the inactive phase ISV from 10 to 31 October (see Fig. 2 ) in the rainy season. Chen and Houze (1997) show that interannual variations of deep convection in the Indian Ocean are induced by El Niño/Southern Oscillation (ENSO). Investigations of other ISV cases are necessary to clarify annual and interannual variations of the ISV's influence on convective activities over Sumatera. Model simulations to investigate the relationship between convective activities by local circulation and ISV will describe the detailed behavior of ISVs over the maritime continent.
There are still many factors other than ISV that influence convective activities over Sumatera. Murata et al. (2002) focused on the case during the rainy season (SeptemberOctober 1998) and showed that precipitation events are frequently observed in the mountainous area of Sumatera during the weak westerly phase of quasi-10-day variations of lowlevel (1-3 km) zonal wind. It indicates that convective activities by local circulation are controlled by some factors with a shorter time scale than ISV. The relation between convection by local circulation and gravity waves must be clarified in the future. We hope that this study helps to understand the ISVs' behavior over the maritime continent. Further observational studies of ISVs' behavior near Sumatera is now in progress, and will be shown in subsequent papers.
